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Optical Head and Optical Recording and Iteproducing Apparatus 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical head used in optical 
information processmg. optical communication or the like and an optical 
recording and reproducing apparatus using the optical head. 

Description of the Rdated Art 

Recently, a digital versatile disc (DVD) has attracted attention as a 
high-capacity optical recording medium because it can record digital 
information in a recording density which is about 6 times as high as a 
compact disc (CD). However, a further high-density optical recording 
medium is demanded as capacity of information becomes large. Here, in 
order to realize a density higher than the DVD (wavelength is 660nm and 
numerical apertiire (NA) is 0.6), it is necessary to use a light source emitting 
a light having shorter wavelength and to further increase the N A of the 
objective lens. For example, when blue laser having a wavelength of 
405nm and an objective lens having NA of 0.85 are used, a recording density 
which is 5 times as high as the DVD can be attained. 

However, since the high-density optical recording medium apparatiis 
using the blue laser has very stiict reproducing and/or recording margin, in 
other words, a permissible level for a fluctiiation of characteristic in 
reproducing or recording is hmited very strictly, aberration generated when 
the optical recording medium is tilted becomes a problem. It is to be noted 
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that the wording "reproducing and/or recording" means "at least one of 
reproducing and recording", in the specification, to simplify the description. 

In relating to this problem, Japanese Patent Laid-open Publication 
No. 11-312327 discloses an optical head which can perform reproducing and 
recording operations by tilting an objective lens corresponding to the tdt of 
tlie optical recording medium to reduce the aberration. 

One example of the above conventional optical head is described 

with reference to the drawing. 

Fig. 7 is a schematic view showing a constitution of the conventional 
optical head. In Fig. 7. reference numeral 61 designates a Ught source, 
reference numeral 62 designates a collimator lens, reference numeral 63 
designates abeam sphtter, reference numeral 64 designates a raising mirror, 
reference numeral 65 designates an objective lens, reference numeral 66 
designates an optical recording medium, reference numeral 67 designates a 
detection optical system, reference numeral 68 designates a lens holding 
member, reference numeral 69 designates a tat sensor, reference numeral 
70 designates a focus error signal detection circuit, reference numeral 71 
designates a tracking error signal detection circuit, reference numeral 72 
designates a reproduction signal detection circuit, reference numeral 73 
designates a tilt detection circuit, reference numeral 74 designates a 
controller, and reference numeral 75 designates a tilt control circuit. 

The light source 61 is a semiconductor laser and it outputs recording 
and reprodudng coherent light to a recording layer of the optical recording 
medium 66. The collimator lens 62 converts the light emitted fifom the 
Hght source 61 to parallel light, the beam sphtter 63 is an optical element 



for isolating light, the raising mirror 64 is an optical element for reflecting 
the input Ught so as to orient it toward the optical recording medium, the 
objective lens 65 converges the light to the recording layer of the optical 
recording medium 66. The lens holding member 68 is to hold the objective 
lens 66 and capable of tilting the objective lens 66. And, the m sensor 69 
is to detect the tilt of the optical recording medium 66. 

Operation of the optical head constitiited as described above is 
explained. The linear polarized hght emitted from the Hght source 6 1 is 
converted to the paraUel Ught by the collimator lens 62. The parallel light 
passes through the beam splitter 63 and it is reflected by the raising mirror 
64 and converged onto the optical recording medium 66 by the objective lens 
65. Then, the reflected light from the optical recording medium 66 passes 
through the objective lens 65 and it is reflected by the mirror 64, reflected 
by the beam splitter 63 and led to the detection optical system 67. Here, a 
focus error signal, a tracking error signal and reproduction signal are 
detected. The focus error signal and the tracking error signal are detected 
by the weU-known technique such as astigmatic method, a push-pull method 
or the like. If necessary, an ofEset is applied to the focus error signal and 
the tracking error signal by the controller 74. Focus controlling device (not 
shown) moves and controls the position of the objective lens 65 in the 
light-axis direction based on the focus error signal so that the hght may be 
always converged onto the optical recording medium 66 in a focused state. 
In addition, taracking controlling device (not shown) moves and controls tiie 
position of the objective lens 65 based on the tracking error signal so that 
the light may be converged onto a desired track on the optical recording 
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medium 66. 

The tilt control of the objective lens 65 is performed based on a tdt 
signal detected by tiie tilt sensor 69 which detects the tilt of the optical 
recording medium 66 and the objective lens 65. The tilt sensor 69 is 
provided beside the objective lens 65. The tilt signal detected by the tilt 
sensor 69 is input to a tilt control circuit 75. And a signal for tilting the 
objective lens 65 is output from the tilt contirol dxcuit 75, the lens holding 
member 68 is controUed so as to ehminate the tilt of the objective lens 65 
and the optical recording medium 66. 

In such constitiition. even when the optical recording medium 66 is 
tilted, the aberration can be reduced by detecting its tilt amount and tilting 
the objective lens 65. so that reproducing and/or recording operations can be 

stably performed. 

However, according to the conventional optical head having the 
above constitiition, when the objective lens itself has coma aberration, a tilt 
correcting function deteriorates in some cases. This is described in detail 
hereinafter. For example, it is assumed that recording and/or reproducing 
operations are performed on a optical recording medium having a substarate 
thickness of 0.1mm with an optical head in which a wavelength of a light 
source is 405nm and NA of an objective lens is 0.85. Here, since the optical 
recording medium is waiped in the radial direction as is weill known, it is 
assumed that only radial tilt correction is made. Since the objective lens 
has very large NA such as 0.85, coma aberration is considerably generated 
by tolerance (surfaces tilt, decenter of surface or the hke) at the time of 
assembly. Thus, when the objective lens is mounted on the optical head 
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and the optical head is assembled without consideriiig the coma aberration 
owned by the objective lens itself, the direction of the coma aberration of the 
objective lens coincides with the radial direction in some cases, for example. 
When it is assumed that the coma aberration of the objective lens is 30mX 
and the above optical headis assembled, the objective lens is tilted by 0.3 
degree in the radial direction (that is. so as to be tilted along the radial 
direction) in order to eliminate the coma aberration of SOmX and mounted 
on the optical head. When the warp of the optical recording medium is 
corrected by the optical head assembled in such state, since the objective 
lens has been tilted in an initial state, it is effective for the warp in one 
direction but it is necessary to largely tilt the objective lens for the warp in 
the other direction. Therefore, aberration other than the coma aberration, 
such as a spherical aberration, is generated differently even when the warp 
amount is the same if the direction of the warp is different, whereby the tilt 
correcting function deteriorates. 

SUMMARY OF THE INVENTION 
The present invention was made in view of the above problems and 
it is an object of the present invention to provide an optical head in which a 
tilt correcting function does not deteriorate by assembhng the optical head 
in consideration of aberration of an objective lens. In addition, it is a 
second object of the present invention to provide an optical recording and 
reproducing apparatus in which aberration caused by a warp of an optical 
recording medium can be corrected by using the above optical head and 
stable reproducing and/or recording operations can be performed. 
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In order to attain the above objects, an optical head according to the 
present invention performs recording and/or reproducing of a signal to an 
optical recording medium and includes a light source, an objective lens 
converging Ught emitted from the Ught source to the optical recording 
medium, and objective lens tilting mechanism for tilting the objective lens in 
order to correct aberration generated when the optical recording medium is 
tilted, and the optical head is assembled so that a direction of the coma 
aberration owned by the objective lens itself perpendicularly crosses a 
tilting direction by the objective lens tilting mechanism. Thus, a correcting 
function in which coma aberration generated when the optical recording 
medium is tated is corrected by tilting the objective lens is improved, a 
stable control signal or a stable reproduction signal can be obtained and a 
stable recording operation can be performed. 

In the above optical head, it is preferable that the objective lens 
tilting mechanism tilts the objective lens in the radial direction to correct 
aberration generated when the optical recording medium is tilted and the 
optical head is assembled so as to orient the direction of the coma aberration 
of the objective lens toward a tangential direction. Thus, a radial tilt 
correcting function (a tilt correcting function with respect to the radial 
direction) is improved. 

In the above optical head, it is preferable that the objective lens 
tilting mechanism tilts the objective lens in a tangential direction to correct 
aberration generated when the optical recording medium is tilted and the 
optical head is assembled so as to orient the direction of the coma aberration 
of the objective lens toward a radial direction. Thus, a tangential tilt 
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correcting function (a tilt correcting function with respect to Ae tangential 

direction) is improved. 

In the above optical head, it is preferable that a mark designating 
the coma aberration is made on the objective lens. Thus, the objective lens 
can be easily mounted on the optical head so that direction of the coma 
aberration of the objective lens may be oriented toward a certain 
predetermined direction. 

In the above optical head, it is preferable that the mark made on the 
objective lens is oriented toward the tangential direction. Thus, the 
.bjective lens can be easily mounted on the optical head so that direction of 
the coma aberration of the objective lens may be oriented toward the 
tangential direction and the radial tilt correcting function is further 

improved. 

In the above optical head, it is preferable that the mark made on the 
objective lens is oriented toward the radial direction. Thus, the objective 
lens can be easily mounted on the optical head so that direction of the coma 
aberration of the objective lens may be oriented toward the radial direction 
and the tangential tilt correcting function is further improved. 

In the above optical head, it is preferable that the mark designating 
the coma aberration of the objective lens is provided on a side surface of the 
objective lens. Thus, an objective lens surface after marked can be easfly 
deaned. 

In the above optical head, it is preferable that the mark designating 
the coma aberration of the objective lens is provided outside an effective 
diameter on an upper surface of the objective lens. Thus, the objective lens 
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can be easily mounted on the optical head so that direction of the coma 
aberration of the objective lens may be oriented toward a certain 
predetermined direction. 

In above optical heai it P«f«able that the maxk made on the 
objective lens designate, a direction and an an.o»nt of fl>e coma aberration. 
Thus, the objective lens can be further easU, mounted on the optical head 
because even the tilt amount when mounted is known. 

m die above optical head, it is preferable that the mark made on the 
objective lens is distinguished by using different colors and the amount of 
the coma aberration is designated by the kind of the cob.. Thus, since tie 
degree of the coma aberration can be easfly recognized and the objective lens 
can be easily mounted on the optical head. 

In the above optical head, it is preferable that NA of the objective 
lens is 0.6 or more. Thus, tHe degree of tolerance for the tilt of the optical 
recording medium can be increased while a high density is implemented, in 
which an aberration margin for recording and reproducing operations is 
small. Therefore, it is suitable for furtiier increasing tiie recording density 

In tiie above optical head, it is preferable that the optical head is 
farther provided with tilt detecting device for detecting information 
referring to the tilt of the optical recording medium. In this case, the tilt 
detecting device detect information referring to the tilt of the optical 
recording medium, thereby the tilt amount of the optical recording medium 

can be easily detected. 

In the above optical head, it is preferable that the tilt detecting 
device includes a light source, a lens converging the light emitted from the 



light source to the optical recording medium, and a Ught detector detecting 
Uie light reflected from the optical recording medium. Thus, since the 
aberration caused by the tilt of the optical recording medium is detected by 
another optical system, the aberration causedby the tilt of the optical 
recording medium can be detected simultaneously at the time of 
reproducing or recording operation. 

In the above optical head, it is preferable that the tilt detecting, 
device is detecting device for detecting a focus search voltage at any position 
of the objective lens and detecting the tilt of the optical recording medium 
based on the focus search voltage. In this case, the optical system for 
detecting the tilt is not separately provided, it is suitable for miniaturizing 

the optical head. 

In the above optical head, it is preferable that the optical head 
further includes device for correcting aberration caused by a substrate 
thickness, which corrects aberration generated when the substrate 
Unckness of the optical recording medium is shifted from a standard value. 
In this case, the device for correcting aberration caused by the substrate 
tJuciness corrects the aberration generated when the substirate thickness of 
the optical recording medium is shifted from the standard value. Thus, 
even when there are variations in substrate thickness of the optical 
recording medium having different thicknesses such as each recording layer 
of a multi-layer optical recording medium, different kinds of optical 
recording mediums, a single-layer optical recording medium or the like, a 
stable control signal and a stable reproduction signal can be obtained and a 
stable recording operation can be performed. 
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to the above opticd head, it is p«fer»ble Aat the device for 

U.e aberratioa caW by the substrate thickness fcxther c»™cts 
spherical aberratiOTSenerated^ the objective lens is tilted. Thus, 
since the aberration can be forther corrected, a stable control signal and a 
stable reproduction signal can be obtained and a stable recording operation 

can be performed. 

In order to obtain the above objects, there is provided an optical 
recording andreproducmg apparatus performing recording andreprodudng 

ofasignaltoanopticalrecordingmediuxn.whichincludestheopticalhead 
performing recording and reproducing of the signal to the optical recording 
,.edium according to any one of claims 1 through 16. T^us. the aberration 
caused by the tilt of the optical recording medium can be precisely corrected, 
a stable control ^gnal and a stable reproduction signal can be obtained and 
a stable recording operation can be performed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic view showing an example of an optical head 
tccordingto an embodiment 1 of the present invention; 

Fig. 2 is a graph showing an amount of each aberration generated in 
accordance with a tilt amount of an objective lens mounted on the optical 
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headt 

Figs. 3A and 3B are explanatory drawings showing mounted 
positions of marks designating coma aberration in the optical head; 

Fig. 4 is a graph showing a relationship between NA of the objective 
lens and amount of aberration; 
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Fig. 5 is a schematic view showing an example of device for 
correcting aberration caused by a tilt, usedin the optical heai 

Fig 6 is a schematic view showing an example of an optical recording 
andreprodudng apparatus according to an embodiment2ofthepresent 

iBventioii} and 

Fig. 7 is a schematic view showing an example of the conventional 
optical head. 

DESCBIPnON OF THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention are described 
with reference to the drawings. 

(Embodiment l) 

According to an embodiment 1, an example of an optical head of the 

present invention is described. 

Fig. 1 is a schematic view (a black diagram) showing an optical head 

14 according to the embodiment 1. 

Referring to Fig. 1, reference numeral 1 designates a light source, 
reference numeral 2 designates a collimator lens, reference numeral 3 
designates a beam splitter, reference numeral 4 designates a concave lens, 
reference numeral 5 designates a convex lens, reference numeral 6 
designates a mirror, reference numeral 7 designates an objective lens, 
reference numeral 8 designates an optical recording medium, reference 
numeral 9 designates a condenser lens, reference numeral 10 designates a 
Ught detector, reference numeral 11 designates a tilt sensor, reference 
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.^exal 12 d»ig.a«s a memory and reference numeral 13 designates 
objectivelenstaan^mechanism. The concave lens 4. the convex lens 5 and 
a lens position renting device (no. sho»n) for cianpnr a distoce 
between fl>e above lens 4 and 5 constitute device for correcbnt aberrauon 
oausedby a substrate fludmess. The tilt sensor 11 constitutes tUt 
aetectin, device, the objective lens tiltin, mechanism 13 o-nstitutes dev.ce 
for correcting aberration causedby a tilt, &e concave lens 4 «nstiti.tes a 
negative lens group and fl.e convex lens 5 constitutes a positive lens group. 

Here, the light source 1 is constituted by a QaN type semi«aiductor 
User element (its wavelength is 405nm). for example and outpuU recording 
andreprodndngcherentUghtto ar^ordingUyer of the optical recording 
mediums. ThecolBmatorlensZconvertsthedivergentlightemittedfrom 
U,ehght source I to parallel hght The beam spUtter 3 is an optical 
elementhaving a transmission factor of ahnost 50% sndarrflection factor 
of almost 50%. He concave lens 4 converts the paraUel light from the 
collimator lens 2 to divergent Ught and the convex lens 5 converts toe 
divergentlightfcomfl.econcavelens4toparallelUght. The mirror 6 is an 
optical dement which reaects the input light toward the optical recording 

medium 8. The objective lens 7 converges the light to the recording layer of 
a.e optical recording medium 8. It is mounted to the optical head so that 
a.e direction of coma aberration of the objective lens 7 itself may be oriented 
toward the tangential direction of the disk-shape recording medium 8. In 
addition, iU NAis 0.85. The condenser lens 9 converges the Ught reflected 
by the beam spUtter 3 among the Hght reflected by the optical recording 
H^edium 8 to thought detector 10. The U^t detector 10 receives the Ught 
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„dcoaverUittoa.electricalsi6.J— >di.g« an axnountof fl>e 
U^t The tilt s^sor U detects an amount «£«1. of the optical reoo,d^ 
medium 8 in U.e rad^ di-tion, and an amount o£ tilt of the obiecdve lens 
, oorrespondin, to the amount of «lt when the op«cal recording medium 8 
is tilted is stored in the memory 12. 

Operations of the optical head constituted as described above are 
descrihed,ifl.refer»ctoFi,.l. The hnear pdari^d U.ht emit.^ torn 
fl^ehghtsourcelis converted to ttieparaUellight by aecommator lens 2. 

The lightpassed tbroush the collimator lens 2 passes through thebe»n 
spUtterSand thought is converted to the divergenthghtby the concave 

lens4. Tten,thelighti»converted.o.heparallellightbytheconvexlens 
5 reflected by the .nirror 6 so ttat the traveling direction thereof is changed 
hy angle of 90 degrees and converged onto the optical recording medium 

8 by the objective lens 7. 

Then, the reflected light from die optical recording medinm 8 passes 
through the objectivelens 7 andit is reflected by the mii^or 6. Then, Uie 
Hght passes through the convexlens 5 andthe concave lens 4 andit is 
reflected by the beam spUtter 3 and converged to the Ught detector 10 by the 
condenser lens 9. The light detector 10 outputs a focus error signal which 
shows a focused state of the light on the optical recording medium 8 and 
outputs a tracking error signal which shows an irradiated position of the 
Ught. Here, the focus error signal and the tracking error signal are 
detectedby the weU-known technique such as an astigmatic method, a 
push-p^m method and the like. The focus controUing device (not shown) 
controls the position of the obiective lens 7 in its light- axis direction so that 
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tJxehghtmay be always converged on the optical recordingmediumSin the 

focused state based on the focus error signal. In addition, the tracking 
controlling device (not shown) controls ihe position of ti.e objective lens 7 so 
that tliehghtmay be converged ontoadesixed track entire optical recording 

medium 8 based on the tracking error signal. Furtliermore, the 
ix^ormation recorded in the optical recording medium 8 is also obtained 

from the light detector 10. 

Then, the tilt control of the objective lens 7 is described. The tdt 
sensor 11 detecting the tilt of the optical recording medium 8 is provided 
beside the objective lens 7. T^e tilt sensor 11 detects tJxe tilt of the optical 
recording medium 8 in the radial direction, and the detected signal is input 
to the memory 12. The memory 12 outputs a signal corresponding to the 
required tilt amount of the objective lens 7 depending on the tilt amount of 
the optical recording medium 8. and the objective lens tilting mechanism 13 
tilts the objective lens 7 by a necessary amount according to this signal. 

Then, a description is made of a fact that the objective lens 7 is 
mounted so that the direction of the coma aberration of the objective lens 
itself may be oriented toward the tangential direction, on the optical head 
which corrects coma aberration generated by the tilt of the optical recording 
medium 8 in the radial direction by tilting the objective lens 7 in the radial 
direction. Here, as an example of the objective lens 7. aspheric factors of 
first and second surfaces of the lens are shown in table 1. Asurface 
configuration (sag) of the lens is represented by the following equation. 
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Z = (Cxr2)/(l + (l-(l + k)^C2xr2)^'2) 
+ alxr2 + a2xr4+... + a8xri6 

C (1/R) • Curvature 
R : Curvature radius 
k • Conic constant 
r : Radius position 
z '• Sag 

al - a8 : Aspheric factor (al = O) 




Since a value of NAis 0.85 which is very high, the coma aberration 
is considerably generated at surface tilt and decenter of the lens. In the 
case of lens shown in table 1, the coma aberration of 35m?i is generated at 
the surface tilt of 1 minute (1/60 degree) and the coma aberration of 35mX is 
generated at tihe decenter of 5^un. Thus, since very large coma aberration 
is generated when die lens is manufectured. it is necessary to correct the 
coma aberration when the optical head is assembled. In addition, Fig. 2 
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shows a result of calculation of coma aberratioa. astigmatism and spherical 
aberration when only the objective lens is tilted. 

Thus, as the tilt amount of the objective lens 7 is increased, ttie coma 
aberration is increased, but the coma aberration generated when the optical 
recording medium is tilted is canceUed by the above coma aberratioa. In 
addition, when the objective lens 7 is tilted, astigmatism and spherical 
aberration are generated besides the coma aberration and this becomes 
aberration which remains after the coma aberration generated when the 
optical recording medium 8 are tilted was corrected by tilting the objective 
lens 7. Here, when it is assumed that the objective lens 7 has the coma 
aberration of 30mJi in itself (it is fully considered that the single lens is 
likely to have the coma aberration of 30mX) for example, the optical head is 
tilted by 0.3 degree when assembled in order to correct the coma aberration 
of aOmX as shown in Fig. 2. When the direction of the coma aberration of 
30mX is the radial direction, the objective lens is tilted by 0.3 degree in the 
radial direction when mounted. Here, when the coma aberration (70m^) 
generated when the optical recording medium is tilted by 0.7 degree is 
corrected in the optical head assembled as described above, for example, the 
objective lens is tilted by 0.7 degree as shown in Fig. 2, but the objective lens 
7 itself result in being tilted by 1.0 degree and the astigmatism of 20m>. is 
generated and the spherical aberration of 50mX is generated. In addition, 
when the coma aberration (-70m^ generated when the optical recording 
medium is tilted by -0.7 degree is corrected, for example, the objective lens 
is tilted by -0.7 degree as shown in Fig 2, but the objective lens itself results 
in being tilted by -0.4 degree and the astigmatism of bmX is generated and 
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the spherical aberration of Sm\ is generated. 

Thus, since the objective lens 7 is tilted and mounted when the 

optical head is assembled in order to correct the coma aberration of the 
objective lens7itself. even when the tdltedamount of the optical recording 

nxedium 8 is the same, the amounts of aberration other than the coma 
aberration are different depending on its direction. In other words, the 
aberration other than the coma aberration is asymmetiically generated with 
respect to the tilt of the optical recording medium 8. In this case, since the 
tilt correcting amount of the optical recording medium 8 is substantially 
reduced, it means that a correcting function deteriorates. Thus, when the 
direction of the coma aberration of the objective lens 7 is set in the 
tangential direction of the optical recording medium 8. since the objective 
lens is tilted in the tangential direction as described above and mounted on 
the optical head, the substantial tilting amount of the objective lens 7 for 
correcting the tilt of the optical recording medium 8 is the same without 
depending on the tilting direction of the optical recording medium 8 and the 
amount of the aberration other than the coma aberration is generated 
symmetrically with respect to the tilt of the optical recording medium 8. so 
that the radial tilt correction has a preferable function. 

Next, a description is made of a method of orienting the direction of 
the coma aberration of the objective lens 7 toward the tangential direction. 
The aberration of the objective lens 7 has been previously measured and a 
mark is made in the direction of the coma aberration. This mark is 
oriented toward the tangential direction when mounted on an actuator. 
Here, this mark is to be made on a side surface 7a (Fig. 3(a)) of the objective 
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lens 7 or on an upper surface region 7b (Fig. 3(b)) through whid, light does 
not pass. According to an advantage when the mark Ma is made on the 
side surface 7a. after it is mounted on die actuator, when the lens is wiped 
by a doth containing organic solvent such as ethanol to wipe out a stain on 
the surface of the objective len87.iftlxereisamarkformedbyink or the 

like on the upper surface 7b. it is melted by organic solvent and stains 
dxe lens surface in reverse. Thus, when the mark Ma is made on the side 
surfece 7a. the objective lens 7 can be easily cleaned after mounted on ihe 
actuator. Next, a description is made of an advantage when the mark Mb 
is made on the upper surface 7b . When the mark Mb is made on the upper 
surface 7b, since tJie direction of the coma aberration of the objective lens 7 
is always seen, it is easy to mount it on the actiiator in the tangential 
direction. 

Furthermore, the present invention is more advantageous when the 
NA of the objective lens 7 is 0 .6 or more. This fact will be explained in 
detail. Actiially, the allowance for aberration in manufactimng lens 7 

becomes strict according to the NA of the objective lens 7. In forming the 
objective lens 7. at least 5m of decenter between a first surface and a 
second surface of the objective lens 7 is generated. Fig. 4 is a graph 
showing a relationship between the NAof the objective lens 7 and amount of 
generated coma aberration when Spun of decenter between a first surface 
and a second surface of the objective lens 7 is generated. As is well known 
from Fig. 4, when the NA becomes greater than 0.6, a coma aberration by 
the decenter is generated. Furthermore, in considering the other tolerance, 
in the case of tiie objective lens 7 having the NA greater than 0.6. 
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„na<tetable coma aberration i. geierated by Ae tolerance in 
^nfacturin,. Thus, in fte caae of the objective lens 7 having the NA 
peater than 0.6, the lens isfceqnenliy tilted at a.e initial elation .hen 
.he optical head is assembled. Therefore, the present invention is more 
advantageous when the NAot fl.e objecttve lens 7 is 0.6 or more. 

According to this embodiment, <he tilt amount of the objective lens 7 
required for correcting the tUt of the optical recording medium is stored in 
the memory 12 for each layer (for a singU-layer optical recording medium 
and each layer of a multi-layer optical recording medium). 

Then, a description is made of device for correcting aberration 

caused by a substrate flnckness (the concave lens 4, the convex lens 5 and 
thelenspositionregulatingmechanism(notshown)forchangingadistance 

between 4e above lens 4 and 6). When the optical recording medium 8 has 
density higher than the above-described DVD, since the spherical aberration 
ot200m).is generatedin the substrate thidtness of 0.08mm, recording 
and/or reproducing operations cannot be performed. Thus, it is necessary 
U, correct the spherical aberration. Japanese Patent Laid-open Publication 
No. 2000-131603 discloses a method in which two lenses (a positive lens 
group and a negative lens group) are inserted in parallel Ught and a 
distance betweenlenses is changed in the litS.t-axis direction, and 

converting the parallel h^t to divergent light or converged U^t. for 

example, thereby tie spherical aberration is corrected. 

This method is described in detail. When the distance between the 

negative lens group and the pos>tive lens group is reduced, the paralW Ught 

is converted to the divergent Ught and when the distance is increased, the 
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p„,ndlishti.ooover«dtothec<«ve.,edUeht I. word., ti>e W>t 

g^p Here,whenAeU6hthavtogthep»wercompo«»tisinputtothe 

objective lens, «.e spherical aberration is generated in the Ught focused b, 
tbeobieCivelens. Since its sim depends on the signet the input power 

o^nponent, die spherical aberration generated when .he substrate 
tekness of the opticd recording medium is shifted from an optimal 

substrate thickness can be corrected by usng the above spherical 

aberration. 

According to this embodiment, Ihe correction is made by changing 
tbedistancebetweenthec«.avelens4andti>econvexle.s6f»reachlayer. 

In addition, si«e the distance between the concave lens 4 and the convex 
lens 5 for each layer is stnred in Uie memory 12, when recording and 
reproducing operations arepertonned on acertainlayer, the concave lens 4 
or the convex lens 5 is moved so that the di^ance between them may be the 

distance stored in the memory 12. 

Here, since the spherical aberration is generated when the objective 
lens is tilted, this spherical aberration can be corrected also by using the 
device for correcting aberration causedby the substirate tixickness. In this 
case, the amount of the spherical aberration generated according to the tilt 
amount of tixe objective lens is to be previously detected and stored in the 
memory so that the spherical aberration generated according to the tilt 
amount of the objective lens can be corrected. 

Next, a description is made of a tilt sensor 11 which detects the tilt 
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of the optical recording medium 8. The tUt sensor 11 includes a light 
source (not shown) provided besides the light source 1 such as LED or the 
like, a lens, and a light detector (not shown) provided besides the Hght 
detector 10. Since the operation of the tilt sensor is well known, it is not 
described in detail but described briefly. The Ught emitted from the Ught 
source such as the LED or the like is converged to the optical recording 
medium by the lens and reflected light from the optical recording medium 8 
is received by the Ught detector. For example, the light detector has a light 
receiving part divided into two and a signal of the difference between them 
is set to be zero when the optical recording medium 8 is not tilted. When 
the optical recording medium 8 is tQted, since the signal of the difference 
between light receiving parts is not zero, according to the value and the sign, 
it can be detected how much and in which direction the optical recording 

medium 8 is tilted. 

Next, the objective lens tilting mechanism is described. Fig. 5 
shows an example of the objective lens tilting mechanism. 

Such a objective lens tilting mechanism is same as conventionally 
known one, and has similar construction as disclosed in Japanese Patent 
Laid-open Publication No. 11-312327 for example. In Fig. 5, reference 
numeral 40 designates a suspension mounting substrate, reference 
numerals 41a to 41d designate susgpensions, reference numerals 43a to 43d 
designate magnets, reference numerals 44a and 44b designate small 
substrates, reference numerals 45a and 45b designate focus coils, reference 
numeral 46 designates a lens holding member, reference numeral 47 
designates a tracking coil, reference numeral 48 designates a yoke, and 
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referencenumeralTisdieobjectiveleasdescribedinFig. 1. Tlxez-axis 
direction is the focusing direction, tlie yaxis direction is the tracking 
direction, and tbe x axis direction is tbe tangential direction. The objective 
lens 7 is mounted in such as manner tliat the mark designating the coma 
aberration of the objective lens 7 may be oriented toward the tangential 
direction (x-axis direction). The operation of the objective lens tilting 
„,echanism constituted as described above will be generally explained. It is 
to be noted that the details of such an operation is basically same as that 
disdosedin JapanesePatentLaid-openPubUcationNo. 11-312327. When 
a current is applied to the focus coils 45a and 45b. focus coil driving force is 
generated together with magnetic flux generated by the magnets 43a to 43d 
(Flemingk law), so that the objective lens 49 can be tilted. TTie tilting 
direction and amount can be varied by varying the current flowing to the 

focus coib 45a and 45b. 

As described above, the radial tilt correcting function can be 
symmetrical by assembling the optical head so that the direction of the coma 
aberration of the objective lens 7 may be oriented toward the tangential 
direction of the optical recording medium 8. As a result, the radial tilt 
correcting function of the opticalhead can be superior and stable recording 
and/or reproducing operations can be performed. 

At this time, although the objective lens 7 is tilted according to the 
amount of the coma aberration of the objective lens itself in the tangential 
direction, since it is supposed that a warp generated in the optical recording 
medium 8 hangs down from the center toward an outer periphery in the 
shape of an umbreUa in general, in this case, the tilt in the tangential 
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a^tionisKaxdl, generated acdeveu when itis aerated. iti^nesUlible, 

so that there is no problem. 

In addition, althoueh the tilt detecting devioe is provided b, the tit 
U, thero is no proUen. even when another method is employe! For 
e^ple, another lilt deteetinj device is disdosed in Japanese Patent 
LaidopenPubUca!ionNo.20(10-348362. Alfl.ough it is not described m 
detail in .his known tilt detecting device, an objective lens is moved at an 
inner periphery and an outer periphery o£ an optical recording medium m 
tfceli^faxis direction, a £oc«s zero cross position in which most preferable 
focusisadjustedisdetected. And the tilt amount and direction of the 
optical recording medium is determined based on a difference between the 
inner periphery and the outer periphery of a focus search voltage for 
a^g^eaboveposition. According to this constitution, since the 
optical system&r detecting the tilt is not separatdy provided, it is suitable 
for maniaturizing the optical head. On the other hand, according to the 
above method of this embodiment, since another optical system is used, the 
tilt can be simultaneously detecUd at the time of rocording or roprodudng 
operations. 

Furthermore, although the single concave lens 4 and the single 
convex lensSare used as l^edevicefor correcting ti.e aberration caused by 

the substrate tiuckness according to the embodiment 1. a positive lens group 
xnay be used instead of the single concave lens 4 and a negative lens group 
can be used instead of the single convex lens 5 or another metixod can be 
employed. For example, as shown in Japanese Patent Laid-open 
PubUcation No. 2001-84631. a liquid crystal can be used instead of the 
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^vel»s4andfl>e»uvexleas5. « it is not described in 
in kno™ constitution, phase distribution of the spherical aberration 
itseU can be provid«l to the tiansnutted lisbt because refraction factor of 
the Uquid crystal varies from place to place, and flns prodded spherical 

aberration correct spherical aberration generated when the thickness of the 
optical r^rding mediun. is shifted from a standard value. In Uus case, a 
voltage amount to be applied to the hcuid crystal, which is required for 

correcting the spherical ab«ration «,rresponding to each layer is stored in 

the memory 12. 

According to the above method of this embodiment, since the device 
forcorrectingti.eaberrationcausedbyflresubstratethicknessincludes,he 

lens, the aberration caused by the substraU thiclcness of flie optical 
recording medium can be corrected in both outgoing and retumingli^t, a 
stable control signal can be obtained. In aditton, according to the 
above-described method, since the aberration caused by the substrate 
thickness of the optical recording medium is correCdby Ae optical element 
using the phase variation Uyer, it is suitable for minUturizing the optical 
head. 

In addition, although liie coma aberration generated when the 
optical recording medium 8 is tilted is corrected by tilting the objective lens 
7 so tixat the coma aberration may become the minimum in thi. embodiment, 
since the aberration (astigmatism or high order aberration) is generated 
other than tiie coma aberration when the objective lens 7 is tilted, the 
method may be a meAod of minimizing the total aberration. In tiiis case 
also, when the tilt of tlie objective lens 7 at the time of being mounted is 
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made to cross the tilt of the optical recording medium 8 perpendicularly, 
since the aberration is generated symmetricaUy regardless of the tating 
direction of the optical recording medium 8. aberration generated when the 
optical recording medium 8 is tilted can be corrected more effectively. 

Furthermore, although the single lens is used as the objective lens in 
this embodiment, there is no problem even when a combined lens having 

high NA is used. 

In addition, although the infinite type of optical head is shown in 
this embodiment, a finite type of optical head which does not use the 
collimator lens may be employed. 

Still further, although the no-polarization optical system of optical 
head is shown in this embodiment, polarization optical system of optical 

head may be employed. 

Still fiuther, regarding the direction of the tilt controlling device in 
this embodiment, the tilting direction of the objective lens is oriented toward 
the radial direction, but in a case where it is tilted in the tangential 
direction, it is not necessary to say that the same effect can be obtained 
when the direction of the coma aberration of the objective lens is made to be 
oriented toward the radial direction. 

In addition, since the aberration of the objective lens 7 has been 
previously measured in order to make a mark designating the direction of 
the coma aberration and its amount has been known, when the mark is 
made by changing a color of the mark in increments of 10m X for example, 
the direction and amount of tilting caa be known, so that the objective lens 7 
can be easily mounted on the optical head. 
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StdU fortiiex. according to the above method of Ais embodiment, die 
deviceforcorrectiagthe aberration causedby the subslxatetMckness^ 

constituted by a concave lens 4. a convex lens 5 and a lens position 
regulating device (not shown) for changing a distance between the above 
Iens4and5. However, even if it does not include a concave lens 4 and a 
convex lens 5. it is possible to constitute the device for correcting the 

aberration caused by tie substrate thickness only by changing the position 

of tte collimator lens 2. 

(Embodiment 2) 

An example of a li^t recording and reproducing apparatus using 
the optical head according to the embodiment 1 is described in an 
embodiment 2. The recording and reproducing apparatus according to the 
embodiment 2 performs recording and/or reproducing of the signal to an 

optical recording medium. 

Fig. 6 schematicaUy shows a constitution of a light recording and 
reproducing apparatus 50 according to the embodiment 2. The li^t 
recording and reproducing apparatiis 50 includes an optical head 51, a 
motor 52 and a processing circuit 53. The optical head 51 is the one 
described in the embodiment 1. 

Since the optical head 5 1 is the same as described in the 
embodiment 1, its dupHcated explanation is omitted. 

Then, the operation of the Kght recording and reproducing 
apparatus 50 is described. First, when an optical recording medium 8 is 
set in the light recording and reproducing apparatus 50. the processing 
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eixcuit 53 outputs a signal which rotates the motor 52 to rotate the motor 52. 
Then, the processing circuit 53 drives the light source 1 to emit Ught. The 
light emitted from the Ught source 1 is reflected by the optical recording 
n^ediumSandinputintotheUghtdetectorlO. The light detector 10 
outputs a focus error signal designating a focused state of the Ught on the 
optical recording medium 8 and a tracking error signal designating an 
ixradiatedpositionoftUeUghttotheprocessingcircuitSS. Based on tlxese 
signals, the processing circuit 53 outputs the signal for controDing the 
objective lens 7. whereby the Ught emitted from the Ught source 1 is 
converged to a desired track on the optical recording medium 8. 
Furthermore, the processing dicuit 53 reproduces information recorded on 
the optical recording medium 8 based on the signal output from the light 
detector 10. In addition, the tilt sensor U detects an amount of tilt of the 
optical recording medium 8 and the detected signal is input to the 
processing circuit 53. The processing dicuit 53 searches the memory 12 for 
the tilt amount of the objective lens 7 which is required for correcting the 
tilt amount of the optical recording medium and outputs a signal for tilting 
the required amount to objective lens tilting mechanism 13 so that the 
objective lens tilting mechanism 13 tilts the objective lens in the radial 
direction by the required amount. 

As described above, since the optical head according to the 
embodiment 1 is employed as the optical head, the aberration generated 
when the optical recording medium is tilted can be predsely corrected. 
Furthermore, when the tilting amount is the same, since the aberration 
after corrected is constant regardless of the direction, the tilt correcting 
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function becomes preferable, a stable control signal and a stable 
reproduction signal can be obtained, and a stable recording and/or 
reproducing operation can be performed. 

Although the embodiments of the present invention are illustrated 
and described, the present invention is not limited to those and it can be 
appUed to another embodiment on a basis of technical thought of the 

present invention. 

In addition, although the optical recording medium recording the 
information by only light is described in the above embodiments, it is 
needless to say that the same effect can be obtained in the optical recording 
medium recording information by light and a magnet. 

StiU further, although the description is made of the case where the 
optical recording medium is the optical disc in the above embodiments, the 
present invention can be applied to an optical information recording and 
reproducing apparatus which implements the similar function, such as a 
card-shaped optical recording medium. 

As described above, according to the present invention, the direction 
of the coma aberration of the objective lens itself is oriented so as to 
perpendicularly cross the direction in which the coma aberration generated 
when the optical recording medium is tilted is corrected by tilting the 
objective lens. Thereby, in correcting the coma aberration generated when 
the optical recording medium is tilted by tilting the objective lens, the 
aberration generated other than the coma aberration can be generated 
symmetrically with respect to the tilt of the optical recording medium. 
Therefore, the correction efifect can become preferable. Furthermore, when 
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the mark designatins the Section of the coma abeAation farther 
designates the amo-mt thereof, the optical head can be very easily 
assembled. 

still further, since the hght information recording and reproducing 

apparati.s is constituted by tie optical bead, even wben the optical 
recording medium is tilted, the stable control signal and the stable 
r^rodudng signal can be obtained, whereby the optica recording and 
reproducing apparatus enabling the stable recording and/or reproducing 
Operation can be implemented. 

It is to be noted that the present invention is not limited by the 
above described embodiments. Various alternation and improvement may 
be made without departure from the spirit of the invention. : 

The present disclosure relates to subject matter contained in Japanese Patent 
Application No. 2003-052830, filed on February 28, 2003. the contents of which are 
herein expressly incorporated by reference in its entirety. , 
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